In this paper, an adaptive hierarchical fuzzy sliding-mode control (AHFSMC) for a class of coupling nonlinear systems is derived.
avoid the chattering control signal in SMC is to replace the sign function with a saturation function; however, this will sacrifice for the steady-state tracking accuracy of system responses. Recently, there has been much research on the design of fuzzy logic control (FLC) based on the sliding-mode control scheme, referred to as fuzzy sliding-mode controls (FSMCs) [4, 5, 12] . FSMC has the advantages of both FLC and SMC. It can also reduce chattering of the control system compared to SMC. Moreover, by introducing an intermediate variable, a decoupled fuzzy sliding-mode control design method has been proposed to achieve decoupling performance of a class of nonlinear coupling systems [7] . In [6] , a hybrid fuzzy sliding-mode control has been proposed to control an aeroelastic system. However, the decoupled fuzzy sliding-mode control methods presented in [6, 7] have not discussed the stability problem.
In this paper, an adaptive hierarchical fuzzy sliding-mode control (AHFSMC) for a class of coupling nonlinear systems is derived. The coupling system can be divided into two subsystems, and two sliding surfaces are constructed through the state variables of the decoupled system. An intermediate variable is introduced to incorporate these two sliding surface. Then, an AHFSMC system is designed to simultaneously control the states. The AHFSMC system is comprised of a fuzzy controller and a compensation controller. The fuzzy controller is used to mimic an equivalent controller and the compensation controller is designed to compensate for the approximation error between the fuzzy controller and the equivalent controller. The adaptive laws are derived to tune the parameters of the fuzzy controller and to estimate the error bound of the compensation controller with guaranteed system stability. The proposed control system is then applied to a crane system and a translational oscillator with rotational an actuator system to illustrate its effectiveness.
II. Problem Formulation
Consider a class of coupling nonlinear systems which can be divided into two subsystems as: 
:
According to the definition of the sliding-mode control, define a suitable pair of sliding surfaces as 
Because the function is not differentiable, can not be obtained.
Thus, the following adaptive hierarchical fuzzy sliding-mode control is proposed. 
where ,
are the labels of the fuzzy sets characterized by the fuzzy membership functions 
By the universal approximation theorem [11] , there exists an optimal fuzzy system (12) where the time invariant optimal parameter vector * Θ is defined as 
where the uncertainty bound is a positive constant. However, this uncertainty bound can not be measured for practical application. Thus, a bound estimation will be developed to estimate the approximation error bound. Define the estimation error , where is the estimated approximation error bound, then the control law is
assumed to take the form:
where the fuzzy controller f u given in (11) is used to mimic the equivalent controller in (9); and the compensation controller given in the following is used to compensate for the difference between the equivalent controller and the fuzzy controller. 
Then, the following theorem can be stated and proven. g s
where 1 η and 2 η are positive constants. Then, the stability of the system can be guaranteed.
Proof: Define a Lyapunov function as
where . When (20) is differentiated with respect to time, and by the use of (11), (14), (16) 
The negative semidefiniteness of the Lyapunov function guarantees that 
and integrate ( ) L t with respect to time, then yields
Because is bounded, and is nonincreasing and bounded, it is shown that
In addition, since is bounded, by the Barbalat's lemma [8] , it can be shown that . That is as t . Moreover, as discussed in section II, as t can be also achieved. As a result, the control system is asympatoically stable. Thus, the proof of
IV. Simulation Result
In this section, the proposed adaptive hierarchical fuzzy sliding-mode controller is applied to an overhead crane system and a translational 
L T H
= − % is obtained as:
Now, we use the general form of Lagrange's equations with a Lagrange
The equations of motion associated with the generalized coordinates 
According to the Lagrange's equations, we can obtain the following equations related to the generalized coordinates x , θ , respectively, as In summary, we can obtain 1 The vectors , and are given by ( ) 
Let the new state variables 
